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The two batches of samples were received and chemical analysis was performed of
the surface and near surface regions of the samples by the surface analysis by laser ionization
(SALI) method. The analyses thus emphasize surface contamination or modification. SALI uses
nonselective photoionization of sputtered or desorbed atoms and molecules above but close (- 1
mm) to the surface, followed by time-of-flight (TOF) mass spectrometry. In these studies, pulsed
sputtering by 7 keV Ar + and primarily single-photon ionization (SPI) by coherent 118 nm radiation
(at -5 x 105 W/cm 2) were used. For two of the samples, also multiphoton ionization (MPI) at 266
nm (-5 x 1011 W/cm 2) was used. SPI is designed primarily for its ability to obtain molecular
information, whereas MPI is used primarily for elemental and small molecule information. For
MPI, we generally prefer a higher laser intensity to achieve saturation of even high ionization
potential elements, but geometric constraints prevented tighter focusing for these analyses; absolute
concentrations would require calibration, but changes in relative signals do quantitatively reflect
changes in relative concentrations.
While SPI by 118 nm (10.5 eV) light is considered a generally "soft" (nonfragmenting)
form of radiation, sputtering causes fragmentation and also produces internally hot molecules
which photofragment relatively easily compared to thermal sources of molecules. Therefore, the
low mass regions of the mass spectra contain a good deal of molecular fragment information.
The samples included four 1 inch diameter optics, labeled UV-PG 1 (a transparent
substrate), LDEF mirror CM01-52, MgF 2 mirror 28-92, and the control MgF 2 mirror S 1.
Additionally, there were two YB- 1 paint samples, the LDEF sample #02-35 and a control. These
two paint samples were on metal backings which were too large to pass through the sample
introduction region. Therefore small chips of the paints were used; it was only practical to obtain
the chips from the edges of the samples, otherwise extensive damage to the samples would have
resulted. It was for these two YB-1 paint samples that both SPI and MPI were used.
These analyses began with so-called static conditions (much less than one monolayer
erosion). For samples that have been exposed to normal air, a monolayer or so of adventitious
organic contamination is invariably found, as for these samples. (The ion-pumped ultrahigh
vacuum analysis chamber and turbomolecular-pumped sample introduction region were baked just
prior to these studies to minimize any contamination from the analysis system itself.) Therefore in
studying the resultant mass spectra, it is necessary to distinguish between this general type of
contamination and mass signals which are particular to the given sample. To a large degree this
can be done by comparing the mass spectra for the various samples under static conditions and
identifying the common components. Without going into excessive detail, for the 118 nm
photoionization, there are numerous organic fragments (some of the more notable peaks being m/z
= 15, 42, 52, 66, 78, and 91) which are found on essentially all samples. After looking over the
spectra in some detail, the signals from the uninteresting adventitious organics will become
apparent and can be distinguished from signals particular to each sample.
Some other comments on the mass spectra are appropriate. The signals from the
microchannel plate detector were recorded in analog fashion by a 100 MHz transient digitizer, thus
the voltage signals are given as "relative intensity" and not as ion counts. Some of the samples
were somewhat problematic due to charging under the charged Ar + beam; occasionally an electron
gun was used to help neutralize the sample. Some of the baselines have a wavy background
component which is due to secondary ions from the pulsed ion beam; these normally are rejected
electrostatically, but the signals can originate from metastable molecular ions and from when the
surface accumulates a net negative charge.
Some general comments on the analyses now follow. The mass spectra often contain a
wealth of information that can be appreciated by some detailed study of the mass spectra, but we
wish only to point out some of the more obvious facts in this text. Some notes on the experimental
conditions and mass peak labelings (and some of their chemical assignments) are found on the
spectra themselves. We can discuss mass assignments further if desired. The amount of erosion
labeled is only very approximate; more specific is the amount of ion dose; for the notes on the
figures, 1 monolayer (ML) corresponds to an Ar + dose of 5 x 1014/cm 2 although surface charging
can sometimes make the estimate of the ion dose somewhat uncertain. Thus amounts of erosion
should be considered only qualitative. File names are printed to identify each spectra, e.g.
FE2317.
For the four 1 inch diameter optics, only the MgF 2 mirror #28-92 showed significant
contamination. For this sample, peaks at m/z 73, 147, 207,221,281, and others are clear
indications of silicone (siloxane); chemical compositions corresponding to these masses can be
provided if you are interested.
With regard to the two YB- 1 paint samples, the 118 nm photoionization mass spectra show
a loss in the polymeric/organic species for the LDEF sample relative to the control sample (e.g. see
the series of peaks between 100 and 160 amu). The spectra taken with 266 nm (so labeled) show
some differences in the inorganic chemistry of the surface region. For example, the control sample
shows more Zn, Si, and B and less of the alkalis K and Na relative to the LDEF 02-35 sample.
We would be happy to discuss any of these results further.
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